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(57) ABSTRACT

The present 1invention 1s a method for producing a porous
metal body or a method for producing an electrode catalyst,
which 1s capable of simplifying the production process and
improving the production ethiciency by not requiring a step
of 1mmersion 1n an acid treatment solution. A method for
producing a porous metal body according to the present
invention comprises: a step for forming a metal resin-
containing layer, which contains a metal and a resin that has

a lower melting point than the metal, on a base; and a step
for obtaining a porous metal body by subjecting the metal

(Continued)

-

{2



US 10,873,091 B2
Page 2

resin-containing layer to a heat treatment, thereby sintering,
the metal and removing the resin from the metal resin-
containing layer.
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METHOD FOR PRODUCING POROUS
METAL BODY AND METHOD FOR
PRODUCING ELECTRODE CATALYST

TECHNICAL FIELD

The present invention relates to a method for producing a
porous metal body and a method for producing an electrode
catalyst.

BACKGROUND ART

In an electrode catalyst for a solid polymer electrolyte fuel
cell or the like, a metal catalyst 1s required to have a larger
contact area with a fuel gas or an oxygen-contaiming gas to
accelerate an electrochemical reaction. In view of increasing
a surface area per weight of the metal catalyst, Japanese
Laid-Open Patent Publication No. 2008-229514 proposes a
method for producing a porous body of the metal catalyst (a
porous metal body) as the electrode catalyst.

Specifically, i this method, a stack of metal catalyst
layers and mixture layers 1s formed on a base by repeating
sputtering or vapor deposition of the layers. Each mixture
layer contains a carbon material and at least one M metal
clement selected from the group consisting of Sn, Al, Cu,
and Zn. The pore diameter or the like of the metal catalyst
layer 1s controlled, e.g., because the mixture layer acts to
suppress particle growth 1 the metal catalyst layer. Then,
the stack 1s subjected to an acid treatment. In the acid
treatment, the stack 1s immersed in an acidic solution (an
acid treatment solution) such as hydrochloric acid, whereby
part or all of the M metal elements are dissolved in the
solution and removed from the stack to produce the elec-
trode catalyst of the porous metal body.

SUMMARY OF INVENTION

In order to obtain an electrode catalyst having a suflicient
clectrode performance or the like, 1n a case where the stack
1s immersed i the acid treatment solution as described
above, 1t 15 necessary to prevent the components of the
solution from remaining 1n the electrode catalyst. However,
it 1s dificult to completely remove the components of the
solution. Furthermore, after using the acid treatment solu-
tion, a waste liquid treatment must be carried out. Thus, the
above method requires complicated processes for producing
the electrode catalyst, and results 1n a decrease 1n manufac-
turing etliciency.

A principal object of the present invention 1s to provide a
method for producing a porous metal body, which can omait
an 1immersion treatment in an acid treatment solution, and
therefore 1s capable of simplifying manufacturing process
and 1mproving manufacturing efliciency.

Another object of the present invention 1s to provide a
method for producing an electrode catalyst, which can omit
an 1immersion treatment in an acid treatment solution, and
therefore 1s capable of simplifying manufacturing process
and 1mproving manufacturing efliciency.

According to an aspect of the present invention, there 1s
provided a method for producing a porous metal body,
comprising the steps of: forming a metal-resin-containing
layer containing a metal and a resin on a base, a melting
point of the resin being lower than that of the metal; and
heat-treating the metal-resin-containing layer, thereby sin-
tering the metal and removing the resin from the metal-
resin-containing layer, to obtain the porous metal body.
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In the porous metal body production method of the
present 1mvention, the metal-resin-containing layer, which
contains the metal and the resin having the lower melting
point, 1s heat-treated to sinter the metal as described above.
In the heat treatment, the resin acts as a pore source for
sintering the metal without densification, and 1s removed
from the metal-resin-contaimng layer via heat decomposi-
tion or the like. Therefore, the resultant porous metal body
has appropriate pores.

Thus, 1n the heat treatment of the metal-resin-containing
layer, the resin can act as a pore-forming agent, and can be
removed from the metal-resin-containing layer. Therefore,
although a conventional method using the above-described
M metal element or the like for controlling the pore diameter
of the porous metal body requires the immersion treatment
in the acid treatment solution, the method of the present
invention 1s capable of producing the porous metal body
without the immersion treatment. Consequently, in the
method of the present invention, the porous metal body can
be produced by the simple process easily and efliciently
without a step of removing the acid treatment solution from
the porous metal body, a step of treating the used solution as
a waste liquid, etc.

In the porous metal body production method of the
present invention, in the step of forming the metal-resin-
containing layer, 1t 1s preferred that the metal-resin-contain-
ing layer 1s formed by stacking a metal layer containing the
metal and a resin layer containing the resin. In this case, the
resin can eflectively act as the pore-forming agent, and the
porous metal body having appropriate pores can be pro-
duced easily.

In the porous metal body production method of the
present invention, in the step of forming the metal-resin-
containing layer, 1t 1s preferred that the metal-resin-contain-
ing layer 1s formed by at least one of sputtering and vapor
deposition. In this case, the metal-resin-containing layer can
be formed easily and appropriately, so that the porous metal
body having appropriate pores can be produced easily.

According to another aspect of the present invention,
there 1s provided a method for producing an electrode
catalyst, comprising the steps of: forming a metal-resin-
containing layer containing a metal catalyst and a resin on a
base, a melting point of the resin being lower than that of the
metal catalyst; and heat-treating the metal-resin-containing,
layer, thereby sintering the metal catalyst and removing the
resin irom the metal-resin-containing layer, to obtain a
porous electrode catalyst.

In the electrode catalyst production method of the present
invention, the resin acts as a pore-forming agent in the
metal-resin-containing layer, whereby the metal can be
sintered without densification. The resin can be decomposed
and removed from the metal-resin-containing layer by the
heat treatment. Therefore, the porous electrode catalyst
having appropriate pores can be produced by the simple
process easily and efliciently without the immersion treat-
ment 1n the acid treatment solution. Furthermore, 1n the
thus-obtained electrode catalyst, a surface area per weight of
the metal catalyst can be increased, and thereby requires
only a small amount of the metal catalyst for achieving an
excellent electrode performance.

In the electrode catalyst production method of the present
invention, in the step of forming the metal-resin-containing
layer, 1t 1s preferred that the metal-resin-containing layer 1s
formed by stacking a metal layer containing the metal
catalyst and a resin layer containing the resin. In this case,
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the resin can eflectively act as the pore-forming agent, and
the porous electrode catalyst having appropriate pores can
be produced easily.

In the electrode catalyst production method of the present
invention, in the step of forming the metal-resin-containing
layer, 1t 1s preferred that the metal-resin-containing layer 1s
formed by at least one of sputtering and vapor deposition. In
this case, the metal-resin-containing layer can be formed
casily and appropriately, so that the electrode catalyst having
a larger surface area per weight of the metal catalyst and an
excellent electrode performance can be produced easily.

In the electrode catalyst production method of the imnven-
tion, it 1s preferred that a gas diffusion layer 1s used as the
base. In view of preventing quality deterioration of the
clectrode catalyst or the gas diffusion layer, 1t 1s necessary to
avoild immersion of the electrode catalyst or the gas diffusion
layer 1n the acid treatment solution. Therefore, 1n a case
where the electrode catalyst 1s produced by using the immer-
sion treatment 1n the acid treatment solution, 1t 1s dithicult to
use the gas diffusion layer as the base. In contrast, in the
clectrode catalyst production method of the present inven-
tion, the electrode catalyst can be produced using the gas
diffusion layer as the base without the immersion of the gas
diffusion layer in the acid treatment solution. Thus, the
clectrode catalyst can be formed directly on the gas diffusion
layer. Therefore, an electrode having the gas diffusion layer
and the electrode catalyst can be produced easily and
clliciently. Consequently, a fuel cell having the electrode can
be produced easily and efliciently.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic cross-sectional view of a porous
metal body (an electrode catalyst) produced by a method
according to an embodiment of the present invention;

FIG. 2 1s a view for 1llustrating formation of a metal layer
on a base (a gas diffusion layer);

FIG. 3 1s a view {for illustrating formation of a metal-
resin-contaiming layer by stacking a resin layer on the metal
layer of FIG. 2;

FIG. 4 1s a view for illustrating stacking of the metal
layers and the resin layers for forming a metal-resin-con-
taining layer having a predetermined thickness; and

FIG. 5 1s a graph showing the relationships between
current densities and voltages 1n fuel cells using electrode
catalysts of Example and Comparative Example.

DESCRIPTION OF EMBODIMENTS

Several preferred embodiments of a porous metal body
production method and an electrode catalyst production
method according to the present invention will be described
in detail below with reference to the accompanying draw-
Ings.

As shown 1n FIG. 1, a porous metal body 10 produced by
using a method according to an embodiment of the present
invention 1s a porous body of a metal formed on a base 12.
Examples of the metals mclude platinum, palladium, gold,
rubidium, titanmium, cobalt, nickel, and alloys thereof. The
metal 1s preferably a metal catalyst. The metal catalyst 1s a
metal that can be brought into contact with a fuel gas or an
oxygen-containing gas to exhibit a catalyst function for
accelerating an electrochemical reaction 1n a fuel cell (not
shown). The metal catalyst may contain platinum, palla-
dium, gold, rubidium, or the like. Thus, 1n the case of using
the metal catalyst as the metal, the porous metal body 10 can
be used as an electrode catalyst for the fuel cell.
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A matenal for the base 12 1s not particularly limited and
may be selected from various materials, as long as the
porous metal body 10 can be formed on the base 12 by a
process to be heremnafter described. In a case where the
porous metal body 10 1s produced as the electrode catalyst,
the base 12 1s preferably a gas diffusion layer. The reason
therefor will be described hereinafter. The gas diflusion
layer 1s capable of diffusing the fuel gas or the oxygen-
containing gas in the fuel cell. For example, the gas diffusion
layer may be a carbon paper or a carbon cloth having a
conductive microporous layer (not shown). The gas diffu-
sion layer does not have to have the microporous layer.

Thus, the electrode catalyst production method of this
embodiment 1s one example of the method for producing the
porous metal body 10. Therefore, the electrode catalyst
production method will be described more specifically

below.

First, as shown 1n FIG. 2, a metal layer 20 containing the
metal catalyst 1s formed on the base 12 of the gas diffusion
layer by at least one of sputtering and vapor deposition. In
a case where the gas diffusion layer has the microporous
layer, the metal layer 20 1s formed on the microporous layer.

Then, as shown 1n FIG. 3, a resin layer 22 containing a
resin 1s formed on the metal layer 20 by at least one of
sputtering and vapor deposition. The resin has a melting
point lower than that of the metal catalyst. Preferred
examples of such resins include thermoplastic resins such as
polypropylenes, polyethylenes, and polyimides. A metal-
resin-containing layer 24 containing a stack of the metal
layer 20 and the resin layer 22 1s formed on the gas diffusion
layer 1n this manner.

Then, as shown 1n FI1G. 4, the metal layers 20 and the resin
layers 22 are alternately stacked by repeating the layer
formation to obtain a predetermined thickness of the metal-
resin-containing layer 24.

Next, the metal-resin-containing layer 24 having the pre-
determined thickness 1s subjected to a heat treatment. In the
heat treatment, the resin may be melted, and particles of the
metal may be dispersed in the melted resin. The metal
particles are bonded to each other, and the melted resin 1s
decomposed and vaporized, to form the porous electrode
catalyst. Therefore, the temperature and time of the heat
treatment may be selected 1n such a manner that the metal
layer 20 can be sintered and the resin can be melted and
removed due to decomposition or the like from the metal-
resin-containing layer 24. Thus, the resin 1n the metal-resin-
containing layer 24 acts as a pore source, so that the metal
can be sintered without densification. Then, the resin i1s
removed due to decomposition or the like from the metal-
resin-containing layer 24.

Because the resin in the metal-resin-containing layer 24
can act as the pore-forming agent, the resultant porous
clectrode catalyst has appropriate pores. Furthermore,
because the resin can be removed from the metal-resin-
containing layer 24 by the heat treatment, the electrode
catalyst can be produced without an immersion treatment 1n
an acid treatment solution.

In the above method, the porosity and the pore diameter
of the electrode catalyst can be controlled by changing the
ratio of the thickness (content) between the metal layers 20
and the resin layers 22 1n the metal-resin-containing layer
24. The thickness ratio between the metal layers 20 and the
resin layers 22 in the metal-resin-containing layer 24 1s
preferably controlled 1n such a manner that the electrode
catalyst has a porosity and a pore diameter desirable for
achieving an excellent electrode performance. The thickness
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of the metal-resin-containing layer 24 may be selected 1n
view ol obtaiming a desired thickness of the electrode

catalyst.

As described above, in the method of the present inven-
tion, the immersion treatment using the acid treatment
solution 1s not carried out. Therefore, the electrode catalyst
can be produced by the simple process easily and efliciently
without a step of removing the acid treatment solution from
the electrode catalyst, a step of treating the used solution as
a waste liquid, etc. Furthermore, as described above, the
clectrode catalyst has a porous structure with appropriate
pores, and a surface area per weight of the metal catalyst can
be increased. Therefore, the electrode catalyst requires only
a small amount of the metal catalyst to exhibit an excellent
clectrode performance.

As described above, the method of the present invention
does not require the immersion treatment using the acid
treatment solution. Therefore, even 1n the case of using the
gas diffusion layer as the base 12, the electrode catalyst can
be produced without immersing the gas diflusion layer in the
acid treatment solution. Thus, the electrode catalyst can be
formed directly on the gas diffusion layer. Consequently, an
clectrode having the gas diffusion layer and the electrode
catalyst can be produced easily and efliciently. Furthermore,
a Tuel cell having the electrode can be produced easily and
ciliciently.

In the method for producing the porous metal body 10 of
this embodiment, a metal other than the metal catalyst may
be used, and a base 12 other than the gas diffusion layer may
be used. Thus, the porous metal body 10 having no catalytic
activity for a fuel cell may be produced by the method. For
example, the porous metal body 10 can be used as a filter, a
gas adsorber, etc.

The present invention 1s not particularly limited to the
above embodiment, and various changes and modifications
may be made therein without departing from the scope of the
invention.

In the above embodiment, the metal layers 20 and the
resin layers 22 are formed by at least one of sputtering and
vapor deposition. However, the layer formation method 1s
not particularly limited thereto. For example, the metal layer
may be formed by mixing the metal with an appropnate
solvent to prepare a paste and by applying the paste to the
base. Similarly, the resin layer may be formed by applying
a paste of the resin to the base.

In the above embodiment, the metal layers 20 and the
resin layers 22 are stacked to form the metal-resin-contain-
ing layer 24. However, the structure of the metal-resin-
contaiming layer 1s not particularly limited thereto. The
metal-resin-containing layer may have any structure as long,
as 1t contains the metal and the resin. For example, the metal
and the resin may be mixed with each other in the metal-
resin-contaiming layer, without forming respective layers of
the metal and the resin.

EXAMPLES

An electrode catalyst of Example was produced. In the
clectrode catalyst, a carbon fiber was used for a gas diffusion
layer (base), platinum was used as a metal catalyst (imetal),
and a polypropylene having a melting point of 80° C. was
used as a resin.

Specifically, a metal layer having a thickness of 3 nm was
formed on the gas diffusion layer by sputtering, and a resin
layer having a thickness of 100 nm was formed on the metal
layer by vapor deposition, to form a stack of the metal layer
and the resin layer. The step of forming the metal layer and
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the resin layer was repeated ten times, to form a metal-resin-
containing layer having a thickness of approximately 1,000
nm. Then, the metal-resin-containing layer was heat-treated
at 400° C. for 30 minutes, whereby the metal was sintered
and the resin was decomposed and removed. The electrode
catalyst of Example was produced on the gas diffusion layer
in this manner.

Two gas diffusion layers each having the electrode cata-
lyst of Example were produced. One of the gas diffusion
layers was used as an anode, and the other was used as
cathode. The electrode catalyst of the anode was press-
bonded to one surface of an electrolyte membrane, and the
clectrode catalyst of the cathode was press-bonded to the
other surface of the electrolyte membrane, to produce an
clectrolyte membrane-electrode assembly of Example. A
fuel cell of Example was produced using the electrolyte
membrane-electrode assembly of Example.

Meanwhile, only the metal catalyst was deposited on the
gas diffusion layer by sputtering to produce an electrode
catalyst of Comparative Example having the same thickness
as the electrode catalyst of Example. An electrolyte mem-
brane-electrode assembly of Comparative Example was
produced using the electrode catalyst of Comparative
Example and the gas diffusion layer, in the same manner as
Example. Furthermore, a fuel cell of Comparative Example
was produced using the electrolyte membrane-electrode
assembly of Comparative Example.

The tuel cells of Example and Comparative Example
were each subjected to cyclic voltammogram measurement,
and the eflective surface areas of the electrode catalysts of
Example and Comparative Example were measured. As a
result, the electrode catalyst of Example had an effective
surface area of 32.9 m?®/g, while the electrode catalyst of
Comparative Example had an eflective surface area of 17.2
m>/g.

The electrode catalyst of Example, which was produced
by heat-treating the metal-resin-containing layer containming,
the resin as a pore-forming agent, had the effective surface
area larger than that of the electrode catalyst of Comparative
Example, which was produced only by sputtering the metal
catalyst. Thus, the electrode catalyst (porous metal body)
produced by a production method according to an embodi-
ment of the present invention has appropnate pores, and the
surface area per weight of the metal catalyst can be increased
cllectively 1in the embodiment.

The fuel cells of Example and Comparative Example
were each subjected to a power generation test, and the
relationships between current densities and voltages were
measured. The results are shown 1 FIG. 5. It 1s clear from
FIG. 5 that voltages in a high current density range were
high 1n the fuel cell of Example, as compared with the fuel
cell of Comparative Example. Thus, in the fuel cell of
Example, the electrochemical reaction was accelerated more
cllectively by the electrode catalyst, so that the voltage
reduction was suppressed even in the high current density
range.

Accordingly, the electrode catalyst produced by the pro-
duction method of the embodiment has a larger surface area
per weight of the metal catalyst, does not contain residual
components of an acid treatment solution or the like, and
therefore exhibits an excellent electrode performance.

The mvention claimed 1s:

1. A method for producing a porous metal body, compris-
ing the steps of:

forming a metal-resin-containing layer containing a metal

and a resin on a base, a melting point of the resin being

lower than that of the metal; and




US 10,873,091 B2

7

heat-treating the metal-resin-containing layer, thereby
sintering the metal and removing the resin from the
metal-resin-containing layer, to obtain the porous metal

body, wherein in the step of forming the metal-resin-

containing layer, a metal layer containing the metal and 5

a resin layer containing the resin are stacked alternately

to form the metal-resin-containing layer.
2. The method according to claim 1, wherein 1n the step
of forming the metal-resin-containing layer, the metal-resin-

containing layer 1s formed by at least one of sputtering and 10

vapor deposition.
3. The method according to claim 1, further comprising:
controlling a porosity of the porous metal body by modu-
lating a thickness ratio between the metal layer and the
resin layer.
4. A method for producing an electrode catalyst, compris-
ing the steps of:
forming a metal-resin-containing layer containing a metal
catalyst and a resin on a base, a melting point of the
resin being lower than that of the metal catalyst; and

15
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heat-treating the metal-resin-containing layer, thereby
sintering the metal catalyst and removing the resin from
the metal-resin-containing layer, to obtain a porous
clectrode catalyst, wherein 1n the step of forming the
metal-resin-containing layer, a metal layer containing
the metal catalyst and a resin layer containing the resin
are stacked alternately to form the metal-resin-contain-
ing layer.

5. The method according to claim 4, wherein in the step
of forming the metal-resin-containing layer, the metal-resin-
containing layer 1s formed by at least one of sputtering and
vapor deposition.

6. The method according to claim 4, wherein a gas
diffusion layer 1s used as the base.

7. The method according to claim 4, further comprising:

controlling a porosity of the porous electrode catalyst by

modulating a thickness ratio between the metal layer
and the resin layer.
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